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MS REPORTS RECEIVED PILOT CHANNEL 
SNR FOR ALL BS» TO BSC 



BS« REPORT FORWARD LINK LOAD 
ESTIMATE TO BSC 



BSC SETS NO. OF TX CONNECTIONS AND 
DATA RATE 



BSC SETS TARGET TX CHANNEL SNR 
BASED ON DATA RATE AND NO. OF TX 
CONNECTIONS 



BSC COMPUTES TX CHANNEL POWER 
BASED ON FORWARD LINK CHANNEL 
CHARATERiSTICS, TX CHANNEL SNR, 
BASE STATION LOAD, NO. OF TX 
CONNECTIONS AND DATA RATE 



(57) Abstract: In a CDMA system, forward link load measurements 
and mobile station channel measurements are provided to the base sta- 
tion controller to allow the controller to jointly select the initial traffic 
channel transmit power and data rate. A mobile station reports a re- 
ceived pilot channel signal-to-noise ratio for all base stations in sight to 
a base station controller. The base stations report a current forward link 
load estimate to the base station controller. The base station controller 
sets a number of traffic channel connections and a traffic channel data 
rate to be allocated for the traffic channel connections, and sets a tar- 
get traffic channel signal-to-noise ratio based on the data rate and the 
number of traffic channel connections. The initial traffic channel power 
is computed by the controller based on estimated forward link channel 
characteristics, the target traffic channel received signal-to-noisc ratio, 
the base stations' load, the number of traffic channel connections, and 
the traffic channel data rate. 
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MOBILE STATION ASSISTED FORWARD LINK OPEN LOOP 
POWER AND RATE CONTROL IN A CDMA SYSTEM 

Field of the Invention 

5 The present invention relates generally to radio or wireless communications and, 

more particularly, relates to a method and apparatus for setting the initial transmit power 
and data rate in the forward link of a code division multiple access (CDMA) wireless 
communications system. 

10 Background of the Invention 

In conventional CDMA systems, forward link (base station to mobile station) 
transmit power and data rate control is a base station function that is activated each time 
one or multiple traffic connections are established. The traffic channel data rate and the 
traffic channel transmit power are selected such that (1) the base station forward link 
15 residual capacity does not dip below a desired threshold; and (2) the desired received 
traffic channel signal-to-noise ratio is approximately achieved at the mobile station 
antenna connector. Closed loop power control is then used to adjust the traffic channel 
transmit power and to compensate for sub-optimum open loop estimation and changing 
channel conditions. 

20 Conventional approaches treat traffic channel data rate and power control 

separately and in a heuristic fashion. With regard to power control, the initial forward link 
traffic channel transmit power is set to a default value at call setup and during hard 
handoff. If this default value is set too low, the mobile station traffic channel received 
signal-to-noise ratio will be insufficient to guarantee a reliable traffic channel connection, 

25 which may result in a call being dropped or in service quality degradation. For this 
reason, the default value is usually set at a higher level than is required on average in order 
to provide a reliable connection even in the worst or near-worst case channel conditions. 

This approach to power control has several shortcomings. By setting the initial 
traffic channel transmit power to a high default level, the mobile station traffic channel 

30 received signal-to-noise ratio will frequently exceed the required level and forward link 
capacity will be unnecessarily consumed. Moreover, a high default value increases the 
total transmit power peak to average ratio, leading to inefficient use of the base station 
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high power amplifier. Where multiple traffic channel connections must be established 
nearly simultaneously, and where high rate data users consume a significant amount of the 
total forward link capacity, the transmit power peak to average ratio increases. A 
reduction in the maximum average nominal transmit power may be required to avoid 
5 damage to the base station high power amplifier and/or short term operation in the non- 
linear region of the high power amplifier, which may lead to increased spurious emission 
levels. Reducing the maximum average nominal transmit power, however, reduces the 
efficiency of the amplifier. 

The transmit data rate is chosen based on the service option to be connected and on 

10 the base station residual forward link (base station to mobile station) capacity. This 
approach to setting the data rate is also problematic. If the selected data rate is too high 
for a given initial traffic channel transmit power and residual forward link capacity, the 
mobile station may not be able to acquire the forward link traffic channel. If the traffic 
channel is acquired, the power allocated to the traffic channel may exceed the residual 

15 forward link capacity and thereby cause overload. 

Summary of the Invention 

The present invention uses forward link load measurements and mobile station 
channel measurements to allow the base station to jointly select the initial traffic channel 

20 transmit power and data rate. Using this approach, the mobile station can reliably acquire 
the forward link, forward link capacity consumption is minimized, base station total 
transmit power peak to average ratio is reduced, and the power allocated to the traffic 
channel is no more than the residual forward link capacity. 

In one embodiment of the invention, a CDMA wireless communications system 

25 that controls the initial power and data rate settings during forward link establishment of a 
traffic channel is provided. The system comprises a base station controller, one or more 
base stations that report a current forward link load estimate to the base station controller, 
and a mobile station that reports a received pilot channel signal-to-noise ratio to the base 
station controller. The base station controller sets the number of traffic channel 

30 connections and the data rate to be allocated for the traffic channel connections. The base 
station controller also sets a target traffic channel signal-to-noise ratio based on the data 
rate and the number of traffic channel connections, and computes the initial traffic channel 
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power based on estimated forward link channel characteristics, the target traffic channel 
received signal-to-noise ratio, the base stations' load, the number of traffic channel 
connections, and the traffic channel data rate. 

The present invention also provides a method for forward link open loop power 
5 and rate control in a CDMA system. The method comprises the following steps: 

(a) a mobile station reports a received pilot channel signal-to-noise ratio, 

Pilot — , for all base stations in sight to a base station controller; 

^ 0 

(b) the base stations report a current forward link load estimate, ^ ot ^ c ? to 

^ or 

the base station controller; 
10 (c) the base station controller sets a number of traffic channel connections, N, 

and a traffic channel data rate, R b , to be allocated for the traffic channel connections; 

(d) the base station controller computes a target traffic channel signal-to-noise 

E b 

ratio, Traffic — , based on the data rate and the number of traffic channel connections; 

N, 

and 

15 (e) the base station controller computes the initial traffic channel transmit 

TrafficP 

power relative to the pilot channel power, — - — — , based on estimated forward link 

PilotP TX 

channel characteristics, the target traffic channel received signal-to-noise ratio, the base 
stations' load, the number of traffic channel connections, and the traffic channel data rate. 
In one implementation of this method, the base station controller computes the 
20 initial traffic channel power as: 

Traffic^ 

TrafficP Tx _ N, 



PilotP Tx PilotE c ^ piiot E^ 



p N 1 J 

1 ori 1 o 



P *-f PilotE r; 1 E. 
b 1=1 ^ - - • Pilot 



I 



A method for forward link power and rate control during hard handoff in a CDMA 
system is also provided. The method comprises the following steps: 
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(a) a mobile station searches for pilot signals on a target frequency and reports 
the strength of the pilot signals above a predetermined threshold to a base station 
controller, wherein the reported pilot signals form a requested target set; 

(b) base stations corresponding to the pilot signals in the requested target set 
5 report the current total transmit pilot channel signal-to-noise ratio; 

(c) the base station controller sets a tentative granted set equal to the requested 
target set; 

(d) the base station controller sets a target data rate to one in use by a 
connected service option; 

10 (e) the base station controller sets the required traffic channels total signal-to- 

noise ratio to a predefined value based on the tentative granted set and the target data rate; 

(f) the base station controller computes the required initial traffic channel 
power based on the tentative target set, the target data rate, the total transmit pilot channel 
signal-to-noise ratio and the required traffic channels total received signal-to-noise ratio; 

15 (g) the base station controller determines whether a current base station 

residual capacity is above a desired threshold for the tentative granted set; 

(h) if the residual capacity is above the desired threshold, the base station 
controller sets a granted set equal to the tentative granted set and commands the mobile 
station to initiate hard handoff; and 

20 (i) if the residual capacity is below the desired threshold, the base station 

controller reduces the tentative granted set and the method returns to step (f). 

In another embodiment of the present invention, a method for setting the data burst 
transmission rate on common control channels during soft handoff is provided. The 
method comprises the following steps: 

25 (a) a base station controller receives a message to be delivered to a mobile 

station; 

(b) the base station controller pages the mobile station on the primary common 
channels of a set of base stations that are serving the mobile station; 

(c) the mobile station reports its current location and the strength of pilot 
30 signals above a predetermined threshold to the base station controller, wherein the 

reported pilot signals form a requested common control channels handoff set; 
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(d) the base stations corresponding to the pilot signals in the requested target 
set report the current total transmit pilot channel signal-to-noise ratio to the base station 
controller; 

(e) the base station controller sets a tentative data rate equal to a maximum 
5 data rate; 

(f) the base station controller sets the required common control channels total 
signal-to-noise ratio to a predefined value based on the tentative data rate and handoff set 
size; 

(g) the base station controller computes the required common controls channel 
10 power based on the tentative data rate, the handoff set size, the total transmit pilot channel 

signal-to-noise ratio and the required common control channels total received signal-to- 
noise ratio; 

(h) the base station controller determines whether a current base station 
residual capacity is above a desired threshold for all base stations in the handoff set; 

15 (i) if the residual capacity is above the desired threshold, the base station 

controller sets a granted data rate equal to the tentative data rate and transmits the message 
on secondary common control channels of the base station in the handoff set; and 

(j) if the residual capacity is below the desired threshold, the base station 
controller sets the tentative data rate to the next lower supported data rate and the method 
20 returns to step (g). 

Objects and advantages of the present invention include any of the foregoing, taken 
alone or in combination. Further objects and advantages will be apparent to those of 
ordinary skill in the art, or will be set forth in the following disclosure. 

25 Brief Description of the Drawing s 

The present invention is described with reference to the accompanying drawings. 
In the drawings, like reference numbers indicate identical or functionally similar elements, 
and 

Figure 1 is a block diagram of a CDMA network according to the present 
30 invention. 

Figure 2 is a flowchart depicting a method for forward link open loop power and 
rate control according to the present invention. 



WO 01/52425 PCT/EP01/00073 

6 

Figure 3 is a flowchart depicting a method for power and data rate control during 
hard handoff according to the present invention. 

Figure 4 is a flowchart depicting a method for data burst transmission rate control 
during soft handoff according to the present invention. 
5 Detailed Description of Preferred Embodiments 

The architecture of a basic CDMA network 100 is illustrated in Figure 1. A 
mobile station (MS) 102 communicates with one of a plurality of base stations (BS) 
104. .. 106 over a standardized air (U m ) interface. MS 102 is typically a hand-held portable 
unit or vehicle-installed unit containing a transceiver, an antenna and control circuitry. 

10 Many multiple stations may be in operation within network 100. Each operating mobile 
station represents the user-side termination of the radio path and allows the user to access 
network 100. Each base station 104... 106 is located at the center or edge of a coverage 
region or cell and includes transmitter and receiver antennas mounted on a tower. 
Network 100 will typically contain hundreds or thousands of base stations. Hence, though 

15 only two base stations 104... 106 are illustrated, it should be understood that network 100 
may contain any number of base stations. Each base station represents the termination of 
the radio path with a mobile station on the network-side. 

Base station controller (BSC) 108 manages and controls multiple base stations. 
The base station controller may be at the same location as a base station or may be 

20 remotely located. The base station controller communicates with base stations over a 
standardized A b i s interface. Mobile switching center (MSC) 110, in turn, coordinates the 
activities of all base station controllers in network 100. 

The communication path from the base stations to the mobile stations is termed the 
forward link or downlink, while communication in the mobile station to base station 

25 direction is termed the reverse link or uplink. Each forward link CDMA signal includes a 
pilot channel that allow the mobile stations to make signal strength comparisons between 
base stations, a synchronization channel that broadcasts synchronization messages to the 
mobile stations, paging channels for sending control information from the base station to 
the mobile stations, and multiple traffic channels for transmission of voice and data 

30 information. The present invention is directed to the establishment of forward traffic 
channels between the base stations and mobile stations. 
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When a forward traffic channel is established, an initial transmit power and data 
rate must be set. In accordance with the present invention, base station controller 108 
implements a forward link open loop power and rate control function. This function may 
be implemented in any suitable fashion, such as through encoding in a computer 
5 microprocessor or software. It utilizes channel measurements made by mobile station 1 02 
and load measurements performed by multiple base stations 104. .. 106 in order to establish 
traffic channel connections. The mobile station measurements include the received pilot 
energy to total interference power spectral density ratio of all detected base stations 
104.. .106 that are candidates for traffic channel connection establishment. The base 

10 station load measurements include the transmit pilot energy to total power spectral density 
ratio of each of the base stations 104. . .106 suggested by mobile station 102 as a candidate 
for traffic channel establishment. 

Figure 2 illustrates in general form a method 120 for forward link open loop 
power and rate control. When base station controller 108 decides that new traffic channel 

15 connections should be established, such as during call setup or hard handoff, it requests 
mobile station 102 to report the received pilot channel signal-to-noise ratio of all base 
stations 104... 106 in sight (step 122). Alternatively, mobile station 102 may 
autonomously report such measurements. Base station controller 108 interrogates base 
stations 104... 106 for the current forward link load estimate (step 124). The admission 

20 control function of base station controller 108 decides upon the number of traffic channel 
connections and the data rate to be allocated for the traffic channel connections (step 126). 
The target received traffic channel signal-to-noise ratio is selected on the basis of the data 
rate and the number of connections in soft handoff (step 128). Base station controller 108 
computes the required traffic channel power based on the estimated forward link channel 

25 characteristics, the target traffic channel received signal-to-noise ratio, the base stations' 
load, the number of traffic channel connections, and the traffic channel data rate (step 
130). The traffic channel power calculated in this manner is used as the initial traffic 
channel transmit power by all base stations 104... 106 that are to establish the traffic 
channel connection with mobile station 102. 

30 More particularly, the optimum initial traffic channel transmit power is computed 

as follows. Base station controller 108 assumes that each forward link channel has n equal 
strength paths. The received ith pilot chip energy to total power spectral density ratio 
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(reported by the mobile stations in step 122), and the received ith traffic channel bit energy 
to effective noise power spectral density ratio (set by the base station controller in step 
126) are, respectively: 

PilotE ci 
E I 

Pilot = OJ ^—* , for i=l ...N (equation 1); and 

T J N T 

/ Z - 1 T 

1 or,i J=l,J*t 2 or,i 



TrafficE bi 

E I 
Tra ff lc ^L = °sd for i=l...N (equation 2). 

N; T A /„.,- n-l 



That is: 



TrafficP Tx R c PilotE c , TrafficP Tx R c PHotE cl Mq E ci 



10 ^ = PUotP R b 4, = p**p R b K> (equatlon 

JJ N, PilotE CJ PilotE c . 1 mot Ki 

I or,i 1 hr.i n h 



E c ; n 
Pilot — 

h 

3). 

The total received traffic channel bit energy to effective noise power spectral density ratio, 
then, is: 

PilotE r . E r , 

c ' -Pilot- c ' 1 



Traffic El = Tra ffi cP * A . V —Ifi L— (equ ation 4). 

B N t PilotP Tx R b £ P*xEc, 1 rUot E e4 



J orJ n J 0 



15 Base station controller 108 can solve for the optimum open loop estimate, that is, 

the initial value of the traffic channel transmit power (step 130), relative to the pilot 
transmit power: 
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Traffic^ 

TrafficP Tx N, 

PilotP Tx ~ PilotE ci ns ,_E, 



(equation 5). 



Pilot ~^ 

R. ^ hrj K 



Rb itPnotE,_l. pilot E^ 

. PilotE c . 

The transmit pilot energy to total power spectral density ratio, , is reported 

^ or 

by each base station 104... 106 to base station controller 108. The target base stations 
received pilot energy to total interference power spectral density ratio, Pilot — , are 

I o 

5 measured by mobile station 102 and reported to the base station by means of signaling. 

The base station computes the initial traffic channel power, relative to the pilot channel 

TrafiicP E 
transmit power, — — — — , for the desired target Traffic— and the desired traffic 
PilotP Tx N, 

channel data rate, using the formulas above. 

If the required traffic channel power is such that the residual forward link capacity 
10 would decrease below the desired minimum level, the base station may decide to decrease 
the selected traffic channel data rate and re-compute the required traffic channel transmit 
power. As an example, the formula above in the case of N=n=l simplifies to: 



Traffic Eb 



r PilotE, . E^ 
Pilot - 



Tm & cP * = N ' I *" LlL (equation 6). 

PiiotP r R r PHotE c n , E, 

ruuir Tx __c_ c _ . p i!ot _c_ 

R b hr K 

The present invention is applicable to call setup, both in the cases of channel 
15 assignment in soft handoff or not, and inter- frequency hard handoff in TIA/EIA-95B 

E 

compliant systems. In such systems, the Pilot— measurement reported by mobile 

1 0 

station 102 is reported to the base station by means of the ACTIVE_PILOT_STRENGTH 
and PILOT STRENGTH fields of the Origination Message, Page Response Message, and 
Candidate Frequency Report Message. The present invention is also applicable to IS- 
20 2000 systems to select the initial transmit power and data rate of the forward link common 
control channels, both when operated in soft handoff or not. 
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Figure 3 illustrates a method 140 implementing the procedures described above 
for setting the initial transmit power and data rate in a hard handoff situation. Hard 
handoff may be necessary when two base stations are not synchronized or are using 
different frequency bands. In step 142, the mobile station periodically searches for pilot 
5 signals on the target frequency and reports the strength of the pilot signals that are above a 
predetermined threshold to base station controller 108. These reported pilot signals form 
the requested target set of base stations. At decision node 144, base station controller 108 
determines whether a handoff is necessary. If handoff is not necessary, the method returns 
to step 142. If handoff is necessary, base station controller 108 queries each base station 
10 104... 106 corresponding to the pilot signals in the requested set for the current transmit 

PilotE 

pilot channel energy to total power spectral density ratio, (step 146). 

^ or 

Next, base station controller 108 sets the tentative granted set (the number of 
traffic channel connections) equal to the requested target set (step 148) and sets the target 
data rate equal to the one in use by the connected service option (step 150). In step 152, 
15 base station controller 108 sets the required target traffic channels total received signal-to- 

E 

noise ratio, Traffic—^-, to a predefined value corresponding to the data rate of the 

connected voice service option and tentative target set size (number of traffic channel 
connections). The current total received Traffic-^ of the source active set, which is 

E h 

known to base station controller 108, may also be used to estimate the required Traffic — 

20 of the target active set. 

In step 154, base station controller 108 computes the required initial traffic channel 
power for the tentative target set, target data rate, total pilot channel transmit energy to 

PilotE 

total power spectral density ratio , and the required traffic channel total received 

^ or 

E h 

signal-to-noise ratio Traffic — , in accordance with the formulae set forth above (initial 

25 power computed using equation 5). Next, base station controller 108 determines whether 
the current base station residual capacity, adjusted to consider the additional links to be set 
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up each with power allocation as computed above, is above the desired threshold for all of 
the base stations in the tentative target set (decision node 156). If the residual capacity is 
above this desired threshold for the tentative target set, base station controller sets the 
granted set equal to the tentative granted set (step 158) and commands mobile station 102 
5 to initiate hard handoff to the granted target set (step 160). If the residual capacity is 
below the desired threshold for the tentative target set, base station controller 108 prunes 
the tentative granted set (number of traffic channel connections) (step 162), and then 
repeats the computations in step 154. 

Figure 4 illustrates a method 170 implementing the procedures described above 

10 for setting the data burst transmission rate on common control channels in a soft handoff 
situation. In step 172, the base station controller receives a message to be delivered to the 
mobile station. The base station controller pages the mobile station, in step 174, on the 
primary common channels of a set of base stations that presumably are serving the mobile 
station. In step 176, the mobile station responds informing the base station controller of its 

15 current location and of the strength of the pilot signals that are detected above a 
predetermined threshold. These reported pilot signals form the requested common control 
channels handoff set (step 178). Next, base station controller 108 queries each base 
station 104... 106 corresponding to a pilot signal in the requested handoff set for the 

PilotE c 

current pilot channel transmit energy to total power spectral density ratio, — (step 

or 

20 180). 

In step 182, base station controller 108 sets the tentative data rate equal to the 
maximum data rate and, in step 184, sets the required common controls channel total 

E 

received signal-to-noise ratio, — , to a predefined value corresponding to the tentative 

data rate and handoff set size. The base station controller then computes the required 
25 common controls channel power for the tentative data rate, handoff set, pilot channel 

, , . . PilotE, 

transmit energy to total power spectral density ratio , and the required common 

^ or 

E 

controls channel total received signal-to-noise ratio — , in accordance with the formulae 

N. 



' t 



set forth above (step 186). 
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Next, base station controller 108 determines whether the current base station 
residual capacity, adjusted to consider the additional links to be set up each with power 
allocation as computed above, is above the desired threshold for all of the base stations in 
the handoff set (decision node 188). If the residual capacity is above this desired threshold 
5 for the tentative handoff set, base station controller sets the granted data rate equal to the 
tentative data rate (step 190) and transmits the message on the secondary common control 
channels of the base station in the handoff set (step 192). If the residual capacity is below 
the desired threshold for one or more of the base stations in the handoff set, base station 
controller 108 sets the tentative data rate to the next lower supported data rate (step 162), 

10 and then repeats the computations in step 1 86. 

While various embodiments of the present invention have been described above, it 
should be understood that these embodiments have been presented by way of example 
only, and not limitation. The breadth and scope of the present invention is not limited to 
any of the described embodiments, but rather, is defined in accordance with the following 

15 claims and their equivalents. 
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1. A CDMA wireless communications system that controls the initial power 
and data rate settings during forward link establishment of a traffic channel comprising: 
a base station controller; 
5 one or more base stations that report a current forward link load estimate to the 

base station controller; and 

a mobile station that reports a received pilot channel signal-to-noise ratio to the 
base station controller, 

wherein the base station controller sets the number of traffic channel connections 
10 and the data rate to be allocated for the traffic channel connections, computes a target 
traffic channel signal-to-noise ratio based on the data rate and the number of traffic 
channel connections, and computes the initial traffic channel power based on estimated 
forward link channel characteristics, the target traffic channel received signal-to-noise 
ratio, the base stations' load, the number of traffic channel connections, and the traffic 
15 channel data rate. 



2. In a CDMA wireless communications system having a base station 
controller, one or more base stations, and a mobile station, a method for forward link open 
loop power and rate control comprising the following steps: 
20 (a) the mobile station reports a received pilot channel signal-to-noise ratio for 

all base stations in sight to the base station controller; 

(b) the base stations report a current forward link load estimate to the base 
station controller; 

(c) the base station controller sets a number of traffic channel connections and 
25 a traffic channel data rate to be allocated for the traffic channel connections; 

(d) the base station controller computes a target traffic channel signal-to-noise 
ratio based on the data rate and the number of traffic channel connections; and 

(e) the base station controller computes the initial traffic channel power based 
on estimated forward link channel characteristics, the target traffic channel received 

30 signal-to-noise ratio, the base stations' load, the number of traffic channel connections, 
and the traffic channel data rate. 
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3. A method as claimed in claim 2, wherein in step (a), the base station 
controller first requests the mobile station to report the received pilot channel signal-to- 
noise ratio. 

5 4. A method as claimed in claim 2, wherein in step (a), the mobile station 

autonomously reports the received pilot channel signal-to-noise ratio to the base station 
controller. 

5. A method as claimed in claim 2, wherein in step (b), the base station 
10 controller interrogates the base stations for the current forward link load estimate. 

6. A method as claimed in claim 2, wherein in step (e), the base station 
controller computes the initial traffic channel power as: 

Traffic^ 

TrafficP Tx N t 

PilotP Tx = PilotE ci p.j ot ^cj_ 

P N T T 

J\_ X" 1 1 or,i 1 o 

15 

7. In a CDMA wireless communications system having a base station 
controller, one or more base stations, and a mobile station, a method for forward link 
power and rate control during hard handoff comprising the following steps: 

(a) the mobile station searches for pilot signals on a target frequency and 
20 reports the strength of the pilot signals above a predetermined threshold to the base station 

controller, wherein the reported pilot signals form a requested target set; 

(b) the base stations corresponding to the pilot signals in the requested target 
set report the current total transmit pilot channel signal-to-noise ratio; 

(c) the base station controller sets a tentative granted set equal to the requested 
25 target set; 

(d) the base station controller sets a target data rate to one in use by a 
connected service option; 



WO 01/52425 PCT/EP01/00073 

15 

(e) the base station controller sets the required traffic channels total signal-to- 
noise ratio to a predefined value based on the tentative granted set and the target data rate; 

(f) the base station controller computes the required initial traffic channel 
power based on the tentative target set, the target data rate, the total transmit pilot channel 

5 signal-to-noise ratio and the required traffic channels total received signal-to-noise ratio; 

(g) the base station controller determines whether a current base station 
residual capacity is above a desired threshold for the tentative granted set; 

(h) if the residual capacity is above the desired threshold, the base station 
controller sets a granted set equal to the tentative granted set and commands the mobile 

10 station to initiate hard handoff; and 

(i) if the residual capacity is below the desired threshold, the base station 
controller reduces the tentative granted set and the method returns to step (f). 

8. A method as claimed in claim 7, wherein in step (b), the base station 
15 controller queries each base station for the current total transmit pilot channel signal-to- 
noise ratio. 



9. A method as claimed in claim 7, wherein in step (f), the initial traffic 
channel power is computed as: 

Traffic^ 

20 TrafficP Tx _ J± 



PilotP Tx PHotE c4 pih E cl 



K c 1 ar,i 1 o 



10. In a CDMA wireless communications system having a base station 
controller, one or more base stations, and a mobile station, a method for setting the data 
burst transmission rate on common control channels during soft handoff comprising the 
25 following steps: 

(a) the base station controller receives a message to be delivered to the mobile 

station; 
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(b) the base station controller pages the mobile station on the primary common 
channels of a set of base stations that are serving the mobile station; 

(c) the mobile station reports its current location and the strength of pilot 
signals above a predetermined threshold to the base station controller, wherein the 

5 reported pilot signals form a requested common control channels handoff set; 

(d) the base stations corresponding to the pilot signals in the requested target 
set report the current total transmit pilot channel signal-to-noise ratio to the base station 
controller; 

(e) the base station controller sets a tentative data rate equal to a maximum 
10 data rate; 

(f) the base station controller sets the required common control channels total 
signal-to-noise ratio to a predefined value based on the tentative data rate and handoff set 
size; 

(g) the base station controller computes the required common controls channel 
15 power based on the tentative data rate, the handoff set, the total transmit pilot channel 

signal-to-noise ratio and the required common control channels total received signal-to- 
noise ratio; 

(h) the base station controller determines whether a current base station 
residual capacity is above a desired threshold for all base stations in the handoff set; 

20 (i) if the residual capacity is above the desired threshold, the base station 

controller sets a granted data rate equal to the tentative data rate and transmits the message 
on secondary common control channels of the base station in the handoff set; and 

(j) if the residual capacity is below the desired threshold, the base station 
controller sets the tentative data rate to the next lower supported data rate and the method 

25 returns to step (g). 

11. A method as claimed in claim 10, wherein in step (d), the base station 
controller queries each base station for the current total transmit pilot channel signal-to- 
noise ratio. 

30 

12. A method as claimed in claim 10, wherein in step (g), the initial traffic 
channel power is computed as: 



WO 01/52425 



PCT/EP01/00073 



17 



Traffic ^ 

TrafficP Tx N t 

PilntP PilotE r , E. , 

ruoir Tx — • Pilot 

k> N T I 



^ or.i 



WO 01/52425 



PCT/EP01/00073 




Figure 1 



PCT/EP01/00073 



2/4 



MS REPORTS RECEIVED PILOT CHANNEL 
SNR FOR ALL BSs TO BSC 



122 



124 



BSs REPORT FORWARD LINK LOAD 
ESTIMATE TO BSC 



/ 



126 



BSC SETS NO. OF TX CONNECTIONS AND 
DATA RATE 



BSC SETS TARGET TX CHANNEL SNR 
BASED ON DATA RATE AND NO. OF TX 
CONNECTIONS 



BSC COMPUTES TX CHANNEL POWER 
BASED ON FORWARD LINK CHANNEL 
CHARATERISTICS, TX CHANNEL SNR, 
BASE STATION LOAD, NO. OF TX 
CONNECTIONS AND DATA RATE 



128 



130 



Figure 2 



WO 01/52425 



PCT/EP01/00073 



3/4 



MS REPORTS PILOT SIGNAL STRENGTHS 
TO BTC 



No 



162 



REDUCE TENTATIVE 
TARGET SET 



-No- 




142 



144 



BSs REPORT TOTAL 
PILOT CHANNEL SNR 



146 



BSC SETS TENTATIVE GRANTED SET = 
REQUESTED TARGET SET 



BSC SETS TARGET DATA RATE TO 
CONNECTED SERVICE OPTION RATE 



BSC SETS TRAFFIC CHANNEL SNR TO 
PREDEFINED VALUE CORRESPONDING TO 
DATA RATE AND TARGET SET SIZE 



BSC COMPUTES INITIAL TRAFFIC 
CHANNEL POWER 



BSC SETS GRANTED TARGET SET •■ 
TENTATIVE GRANTED SET 



T 



BSC COMMANDS MS TO INITIATE 
HARD HANDOFF 



148 



150 



152 




154 



156 



158 



160 



-140 



Figure 3 



WO 01/52425 



PCT/EP01/00073 



4/4 



194 



BS LOWERS 
DATA RATE 





BSC RECEIVES MESSAGE FOR AN MS 




r 




BSC PAGES MS ON CHANNELS OF BSs 
SERVING MS 




r 




MS REPORTS CURRENT LOCATION AND 
PILOT SIGNAL STRENGTHS ABOVE 
THRESHOLD TO BSC 








REQUESTED HANDOFF SET = REPORTED , 
PILOT SIGNALS 








BSs REPORT TOTAL PILOT 
CHANNEL SNR 








BSC SETS TENTATIVE DATA RATE = 
MAXIMUM DATA RATE 




' 




BSC SETS COMMON CONTROL CHANNEL 
SNR TO PREDEFINED VALUE CORR. TO ' 
DATA RATE AND HANDOFF SET SIZE 




r 




BSC COMPUTES INITIAL COMMON 
CONTROLS CHANNEL POWER 


► 



172 



174 




BSC SETS GRANTED DATA RATE ■ 
TENTATIVE DATA RATE 



BS TRANSMITS MESSAGE ON SECONDARY 
COMMON CONTROL CHANNEL 



, 176 



178 



, 180 



182 



184 



186 



188 



190 



192 



-170 



Figure 4 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
19 July 2001 (19.07.2001) 




PCT 



llll II II III I II I Mil II I III III II 

(10) International Publication Number 

WO 01/52425 A3 



(51) International Patent Classification 7 : H04B 7/005 

(21) International Application Number: PCT/EPO I /00073 

(22) International Filing Date: 5 January 2001 (05.01 .2001 ) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

09/481.948 



1 2 January 2000 (1 2.01 .2000) US 



(71) Applicant: TELEFONAKTIEBOLAGET L M ERICS- 
SON (PUBL) [SE/SEJ; S-126 25 Stockholm (SE). 

(72) Inventor: VANGHI, Vieri; 5370 Toscana Way #314. San 
Diego, CA 92122 (US). 

(74) Agents: FUCHSLE, Klaus et al.; Hoffmann . Eitle, Ara- 
bellaslrasse 4. 81925 Munich (DE). 



(81) Designated States (national): AE, AG, AL, AM. AT, AU, 
AZ, BA, BB, BG. BR. BY. BZ. CA, CH, CN. CR, CU. CZ. 
DE, DK. DM. DZ, EE. ES, FI, GB. CD, GE, GH, GM. HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR. 
LS. LT. LU. LV. MA, MD, MG, MK, MN, MW, MX, MZ, 
NO. NZ. PL, PT, RO, RU, SD, SE, SG, SI. SK. SL. 1'J, I'M, 
TR, TT. TZ. UA, UG, UZ, VN, YU. ZA, ZW. 

(84) Designated States (regional): AR1PO patenl (GH. GM, 
KE. LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW). Eurasian 
patent (AM, AZ, BY, KG. KZ, MD, RU, TJ, TM). European 
patenl (AT, BE. CH, CY. DE, DK, ES, FI, FR. GB, GR. IE, 
IT. LU. MC. NL, PT, SE, TR). OAPI patent (BF. BJ. CF, 
CG. CI. CM. GA, GN, GW, ML, MR, NE, SN, TD. TG). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

16 May 2002 

[Continued on next page] 



(54) Title: MOBILE STATION ASSISTED FORWARD LINK TRANSMISSION POWER AND DATA RATE CONTROL IN A 
CDMA SYSTEM 



MS REPORTS RECEIVED PILOT CHANNEL 
SNR FOR ALL BSs TO BSC 






BSs REPORT FORWARD LINK LOAD 
ESTIMATE TO BSC 




■ 



BSC SETS NO. OF TX CONNECTIONS AND 
DATA RATE 



- 126 



(57) Abstract: In a CDMA system, forward link load measurements and 
mobile station channel measurements are provided to the base station con- 
troller to allow the controller to jointly select the initial traffic channel 
transmit power and dala rate. A mobile station (102) reports a received 
pilot channel signal-to-noise ratio for all base stations (1 04. 106) in sight 
to a base station controller ( 1 08). The base stations report a current forward 
link load estimate to the base station controller. The base station controller 
sets a number of traffic channel connections and a traffic channel dala rate 
to be allocated for the traffic channel connections, and sets a target traffic 
channel signal-to-noise ratio based on the data rate and the number of traf- 
fic channel connections. The initial traffic channel power is computed by 
the controller based on estimated forward link channel characteristics, the 
target traffic channel received signal-to-noise ratio, the base stations' load, 
the number of traffic channel connections, and the traffic channel data rate. 



< 



O 



BSC SETS TARGET TX CHANNEL SNR 
BASED ON DATA RATE AND NO. OF TX 
CONNECTIONS 



BSC COMPUTES TX CHANNEL POWER 
BASED ON FORWARD LINK CHANNEL 
CHARATERISTICS, TX CHANNEL SNR, 
BASE STATION LOAD, NO. OF TX 
CONNECTIONS AND DATA RATE 



WO 01/52425 A3 Will 111 II II III! 1 1 III III I III II I III III II 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the FCT Gazette. 



INTERNATIONAL SEARCH REPORT 



Inter >nal Application No 

PCl/tP 01/00073 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H04B7/005 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H04B H04Q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the internal tonal search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropnate of the relevant passages 



Relevant to claim No. 



WO 99 55112 A (HIRAMATSU KATSUHIKO ;UE 
T0Y0KI (JP); KATO OSAMU (JP); MATSUSHITA 
E) 28 October 1999 (1999-10-28) 
-& EP 0 986 282 A (MATSUSHITA ELECTRIC 
INDUSTRIAL CO) 15 March 2000 (2000-03-15) 
column 1, last line -column 2, line 5 
column 7, line 30 -column 8, line 42; 
figures 1,2,11-13 

column 16, line 24 - line 53; figures 
28,29 

column 17, line 11 -column 18, line 10 

US 5 771 451 A (TAKAI KENICHI ET AL) 

23 June 1998 (1998-06-23) 

abstract; figures 1,4-11 

column 2, line 52 - line 58 

column 6, line 16 -column 7, line 23 

-/- 



1-5,7, 
10,11 



1,2,6,7, 
9,10,12 



Further documents are listed in the conlinuaiion of box C 



Patent family members are listed in annex. 



° Special categories ot cited documents : 

"A" document defining the general slate of Ihe art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date ot another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than Ihe priority date claimed 



'T* later document published after the international filing date 
or priority date and not in conflict with the application bul 
cited to understand the principle or theory underlying the 
invention 

"X - document ot particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an invenlive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of Ihe actual completion of the international search 



9 January 2002 



Date of mailing of the international search report 



16/01/2002 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70)340-2040, Tx. 31 651 epo nl. 
Fax; (+31-70) 340-3016 



Authorized officer 



Sieben, S 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Inter' mal Application No 

PC1/EP 01/00073 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 767 548 A (AT & T CORP) 
9 April 1997 (1997-04-09) 

abstract 

column 1, line 53 -column 2, line 37 
column 8, line 24 - line 34 
column 10, line 31 -column 11, line 3; 
figure 6 

column 13, line 14 -column 14, line 24; 
figures 1,5,8 



1,2,4,5, 

7,8,10, 

11 



US 5 884 187 A (TIEDEMANN JR EDWARD G 
AL) 16 March 1999 (1999-03-16) 
abstract; figure 6 



ET 



1-5,7,8, 
10,11 



column 12, 
column 14, 
column 17, 
column 20, 



1 ine 
1 ine 
1 ine 
1 ine 



65 
18 
35 
42 



-column 13, line 20 

- 1 ine 59; figure 4 
-column 18, line 11 

- 1 ine 64 



Form PCT/ISA'210 (continuation oi second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

ormation on patent family members 



Inter mal Application No 

PCl/tP 01/00073 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



WO 


7 JJJ LLC 


A 
n 


99,- 


-1 !)- 

1 u 


1 QQQ 


Al 1 
nU 


•31 71 QQQ 


A 
n 


r\D_1 1 -1QQQ 














BR 


9906339 


A 


19-09-2000 














CN 


1263681 


T 


16-08-2000 














EP 




Al 


UO Uo £UU1 














EP 


0986282 


Al 


15-03-2000 














WO 


9955112 


Al 


28-10-1999 














JP 


2000049663 


A 


18-02-2000 


US 


5771451 


A 


23- 


-06- 


1998 


JP 


2762965 


B2 


11-06-1998 














JP 


9074378 


A 


18-03-1997 


EP 


0767548 


A 


09- 


-04- 


1997 


US 


5734646 


A 


31-03-1998 
















?1 8477? 


Al 


flfi-04-1 QQ7 














EP 


0767548 


A2 


09-04-1997 














JP 


3066327 


B2 


17-07-2000 














JP 


9186646 


A 


15-07-1997 














NO 


964220 


A 


07-04-1997 














US 


6088335 


A 


11-07-2000 














US 


6069883 


A 


30-05-2000 


US 


5884187 


A 


16- 


-03- 


1999 


AU 


2323497 


A 


01-10-1997 














BR 


9708430 


A 


03-08-1999 














CA 


2248833 


Al 


18-09-1997 














CN 


1218602 


A 


02-06-1999 














EP 


0886985 


Al 


30-12-1998 














JP 


2000509213 


T 


18-07-2000 














TW 


424367 


B 


01-03-2001 














WO 


9734439 


Al 


18-09-1997 



Form PCT/ISA/210 (patent family annex) (July 1992) 



